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SUMMARY 


Ain investigation was 


conducted on a j— scale partial-span 


model of the Republic XF-12 airplane to determine its aileron 
and aileron-tab characteristics. The effects of wing roughness 
and aileron balance-seal leakage on the aileron and tab characteristics 
were also investigated. The model was tested at several angles 
of attack and f.lap deflections through a range of aileron and 
aileron-tab deflections. The Reynolds and Mach numbers for the 
test3 were 8,600,000 and 0.17, respectively. 


The results of the tests indicated that at small aileron 
and tab deflections'- (a) the rate of change of aileron hinge-moment 
coefficient with aileron deflection had a. positive value at low 
angles of attack with flaps neutral but as the angle of attack 
was increased or the flaps were deflected, the value decreased until 
at high angles of attack with flaps neutral or moderate angles of 
attack with flaps deflected it became negative; this condition 
indicates the need for reducing the balancing affect to prevent 
illogical control wheel forces at high speeds; (b) at all flap 
deflections the rate of change of aileron hinge -moment coefficient 
with angle of attack varied from positive values at low angles of 
attack to negative values at high angles of attack; (c) at conditions 
simulating high-speed flight, wing roughness tended to further 
increase the positive value of the rate of change of aileron 
hinge -moment coefficient with aileron deflection but reduced the 
rate of change of rolling -moment coefficient with aileron deflection; 
and (d) increasing the balance-seal leakage decreased the rate of 
change of both aileron hinge-moment coefficient and rolling-moment 
coefficient with aileron deflection but had a negligible effect 
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on the rate of change o? aileron hinge -moment coefficient -with 
tah deflection. 


ihtroduction 


The XF-12 is a high speed, high altitude, long range, 
photographic airplane designed "by the Republic Aviation Corporation 
for the Army Air Forces. It is of conventional design and is 
powered by four Praut <?• Whitney R-436Q engines. The over-all 
dimensions and some of the details of the airplane are shown in 
figure 1. To aid in the design, models of several components of 
the airplane were tested in various wind tunnels of the IJA.CA Langley 
Laboratory. 


One of the models was a - -scale partial-span model of the 

left wing of the airplane. It was tested in the Langley propeller 
research tunnel in the development of the wing duct inlets to be 
used on the airplane end in the Langley 19-foot pressure tunnel 
to obtain an indication of the effects of tho wing duct inlets on 
the maximum lift and stalling char act er i sties of the model and to 
determine the aileron and aileron-tab characteristics of the model. 


This paper presents the results of tho aileron investigation 
and includes rolling -moment, yawing -moment, and aileron hinge-moment 
coefficients and pressure coefficients across tho aileron-balance 
seal through a range of angle of attack, tab deflection, and aileron 
deflection with flaps neuti'al and deflected 20° and 55 ° • Some of the 
effects of wing roughness and balance seal leakage on the aileron 
ang tab characteristics are also presented. 


SYM30LS AED COEFFICIENTS ' 


The symbols and coefficients presented in this report are 
defined as follows: 

lift coefficient (L/qS) 

Cj) drag coefficient (D/qS) 

Cj lateral-force coefficient (Y/qS) 

C n pitching-moment coefficient (ll/qc’s) 
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Cl 

C n 

C h a 

AP 


E 

P (b) * P (c) 
P (a) " ?(d) 
E 


E 


1 


<1 

P 

V 

L 

D 

y 


rolling-moment coefficient (L*/qbS) 
yauing*;mament coefficient (ll/qToS) 


aileron hinge -aionent coefficient 



pressure coefficient across internal balance 

(pressure below balance minus pressure above 
balance divided by free stream dynamic pressure) 


leakage factor 


( - r (c )\ 

\ ' *(a) - r (dj/ 


pressure difference across balance of internal 
balance 


applied pressure difference across vents of internal 
balance 



overhang factor for inboard balance chamber 




(corresponding for outboard 


chamber Eg) 

free-stream. dynamic pressure 
mass density of air 


V s > 


velocity of air in free stream 


lift 


drag 

lateral force 
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M pitching moment about airplane cent er-of -gravity location 

(0.2743 c' 3 on fuselage center line) 

L* rolling moment about airplane centcr-of -gravity location 

N yawing moment about airplane center -of -gravity location 

H a aileron hinge moment 

5 wing area 

c J wing moan, aerodynamic chord 

b win,? span 

c a root- mean.- square chord of aileron behind hinge amis 

c-b root- moan- square chord of balance from aileron hinge ami 3 

to middle of sealed gap 

b a aileron span 

bb balance epan 

t root- mean-square thickness of aileron at hinge axis 

a angle of attack of wing root chord 

5^ flap deflection 

5 a aileron deflection with respect to wing, positive with 

trailing edge down 

5^ aileron tab deflection with respect to aileron, positive 

with trailing edge down 

R Eeynold3 number 

M Mach number (v / a) 

p coefficient of viscosity 

a velocity of sound 

Subscripts : 

1 inboard balance chamber 
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2 outboard balance chamber 

Slopes: 



whore subscripts to the partial derivatives indicate factors held 
constant. 


MODEL AND APPARATUS 


The j^-scale partial-span model of the Bepublic XF-12 airplane 

represents the outboard 92. k percent of the left wing of the 
airplane. The principal dimensions of the model are shown in 
figure 2 and table I. The airfoil sections were developed by the 
Bepublic company and are described in reference 1. 

The model was tested in the Langley 19-foot pressure tunnel 
in conjunction with a reflection plane. (See reference 2.) The 
general dimensions of the tunnel setup are shown in figure 3 and 
views of the model in the tunnel are shown in figure h. The gap 
between the inboard ond of the model and the reflection plane was 
maintained at 3/l6 * l/32 inch by means of an automatic telescoping 
mechanism built into the model. 

The model was equipped with a sealed internally balanced aileron, 
the dimensions of which are shown in figures 5 and 6. The gaps 
between the leading edge of the balance and the forward wall of 
the balance compartment and between the ends of the balance and 
the sides of the hinges were sealed with flexible, koroseal impregnated 
voile. The deflection of the aileron was remotely controlled 
by means of a hydraulic piston which was connected to the 
aileron through a beam upon which electrical strain gages were 
mounted for measuring the hinge moments. The aileron deflections 
were remotely indicated by a potentiometer type control position 
indicator which was connected directly to the aileron. The aileron 
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was equipped with a manually adjustable constant chord tab whose 
leading-edge cap was scaled by a rubber wiper seal. No provision 
was male for measuring the tab hinge moments. 

•The flaps on the model were of the double-slotted type and 
were mounted by means of brackets which fixed them at the desired 
deflections. The general arrangement of the flaps is shown in 
figure 7. The angles of deflection tested were neutral, 20°, and 
55 °. 


An air inlet which was developed in the Langley propeller 
research tunnel was installed along the leading edge of the wing 
between the nacelles. The inlet warn connected to ducts which 
represented the intercooler, the oil coder, and the charge air 
ducts of the airplane. The ducts had exits along the lower 
surfaces of both nacelles and wore equipped with adjustable shutters 
for regulating the air flow. The shutters were set to give ratios 
of velocity in the duct entrance to velocity in the free stream of 
0.4l at 2° angle of attack, with flaps neutral to simulate the high- 
speed condition and 0.7t> r *t 8° angle of attack with flaps deflected 
20° and 55° to simulate the take-off and landing-approach conditions. 


The shutters were not changed for other angles of attack. The 
cowl exit flaps were set to simulate the airplane cruising condition 
for all tests. 

For some tests with flaps neutral a roughness strip was install©! 
on the upper and lower surfaces of the wing at 0.20c. Calculations 
indicated that transition at that location on the model would cause 
the relative thickness of the boundary layer over the aileron to be 
approximately the same as that on the airplane at high speed with 
transition at the leading edge of the wing. The roughness strip 
was obtained by application of number 60 (0. Oil- inch diameter) 
carborundum, grfdns to a thin layer of shellac about i-inch wide 

and extending along the full span of the model. The grains covered 
5 to 10 percent of the area of the strips. 


To obtain an indication of the effects of seal leakage on the 
aileron characteristics, some tests were made with a series of 

i-inch holes drilled in the balance near its leading edge. The 

holes were evenly spaced along the 3pon of the balance with an 
equal number of holes in each compartment . The leakage factors 
for the seal, with and without the holes, were determined by placing 
a rectangular box over the upper surface vent and applying air pressure 
to the box. The leakage factors were determined for applied 
pressure differences ranging from 10 to 100 pounds per square foot 
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for the "no hole" condition and 10 to 60 ijounds per square foot 
for the maximum leakage condition. The leakage factors thus 
obtained fire presented in figure 8. The leakage factors shoved 
no definite trend with variation of pressure across the vents so 
the curves of figure 8 represent an average of the values obtained. 


TESTS 


The aileron and tab characteristics were determined by 
measuring the rolling moments,, yawing moments, and aileron 
hinge moments at several angles of attach through a range of tab 
and aileron deflection. Balance compartment pressures were also 
measured for the tab neutral condition. The characteristics were 
determined with the double -slotted flaps neutral and deflected 20° 
and 55° • The effects of the roughness strips and leakage holes 
on the aileron characteristics were determined only for the flap 
neutral condition. 

The lift, drag, and pitching-moment characteristics of the 
model were determined through a range of angle of attack with 
the aileron and tab neutral and with the flaps neutral and 
deflected 20° and 55° • 

The tests were made at a value of dynamic pressure of 
approximately 100 pounds per square foot with the air in the 
tunnel compressed to approximately atmospheres. The Reynolds 

and Mach numbers thus obtained were 8,600,000 and 0.17, respectively. 


CORRECTIONS TO DATA 


The results of all tests have been reduced to standard 
nondimensional coefficient form so that they apply to a complete 
span wing with 6° dihedral. Moments were computed about a point 
corresponding to a center-of -gravity location on tho center anno 
of the airplane fuselage at 27.43 percent of the mean aerodynamic 
chord. 

Jet -boundary corrections and plan-form corrections were 
calculated and applied to the data by tho method described in 
reference 2. Corrections for the absence of dihedral in the model 
were made by rotating the axes of the forces and moments 6° (the 
amount of dihedral on the airplane) and by correcting the projected 
model area and span for the effects of rotation. 
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The total corrections applied ore as follows: 

C L = gross “ 0 , -- c, 5-L CwgpQg a 

c D = 1.0055 c DgroBe + 0.0154 c lgTOro 2 

Cm - Ssroos + 0.0087 0^333 - 1.8665 C agr0BB 
c, = 0.8012 (c w - c Hare ) 

°a * 1 -°°55 ( 0 ngt . OBB - C ntm . e ) + (-0.0311 CjCLgroEs) 
+ 0.0059 ^jUgrocs 
a = “tunnel + 1 - 00 3^i 

gross 


where the subscript "gross" refers to the uncorrected coefficient and 
the subscript "tare" refers to the uncorrected coefficient obtained 
with aileron and tab neutral. The tare and interference effects of 
the model supports have been neglected because of the difficulties 
involved in their determination. The influence of these effects 
on the aileron characteristics, however, is believed to be small. 


PvESOLTS AND DISCUSSION 


The results of the aileron tests are presented in figures 9 
to 20 and are summarized in table II. The lift, drag, and 
pitching -moment characteristics of the model are presented in 
figure 21. 


Smoo t h m odel aile ron and t ab chara cter istics . - The character- 
istics of the sealed aileron on the smooth model with the double - 
slotted flaps neutral and deflected 20° and 55° are presented in 
figures 9 to 13. The parameters of table II obtained from these 
figures show that at low angles of attack with flaps neutral 
^ha$„ is positive through a limited range of deflections . As 


the angle of attack is increased or the flaps are deflected 



decreases until at largo angles of attack with flaps neutral or 
moderate angles of attack with flaps deflected it becomes negative. 
Table II also shows that is positive at low angles of attack 

and becomes negative at angles of attack above 6° with all flap 
deflections. The reversal of sign of C>, indicates that the 

ia $a 
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that the control wheel forces for a direct linked aileron on the 
airplane would he in the logical direction at low and moderate 
speeds hut in the illogical direction at high speeds. The sign 
of Ci, is such that it tends to relieve the overbalanced condition 
% 

in the high-speed range of angles of attack and the underbalanced 
condition in the low-speed range of angles of attack when the 
airplane is in a steady roll. 


Effects of roughness on aileron and tab characteristics . - The 
effects of upper and lower surface roughness strips at 0.20c on 
the flap neutral aileron and tab characteri sties are shown in figures 14, 
15, and 16. At the lower angle of attack investigated (a = 0.8°) 


the roughness strips caused an increase in Cr 


*a 6 


of 0.0003- 


a 


They also caused a considerable decrease in the aileron effectiveness 


c h 


ana in. 


■'ll 




At the higher angle of attack investigated 


(a = 9-0°) the roughness strips appeared to have a negligible 
effect on the aileron hinge moments but considerably reduced the 
aileron effectiveness in the large negative deflection range. 


The location of the roughness strips was calculated to give 
approximately the same relative boundary -layer thickness at the 
aileron hinge line as would be found on the airplane in high 
speed flight where transition is expected to be at the leading 
edge of the wing. The airplane, therefore, would be expected to 
have greater aileron overbalance and less aileron effectiveness 
in high-speed flight than was found on the smooth model. 


Effects of leakage .- The effects of various amounts of seal 
leakage on the aileron characteristics are shown in figures IT to 
19 and arc summarized in figure 20. Figures 17 and 18 show that 
leakage not only reduces the effectiveness of the balance but also 
reduces the range of aileron deflections at which the balance is 
most effective. The largest amount of lcalcage investigated, however, 
did not reduce the balance effectiveness enough to eliminate the 
overbalance at low angles of attack. 


The rolling-moment curves of figure 18 show that the leakage 
has its largest effect on the aileron effectiveness in the negative 
deflection range. Figure 20 and table II show that the range of 
leakage investigated caused a reduction in Cj of approximately 

IT percent and a reduction in (AP) of appro xima tely 26 percent 
but had a negligible effect on C 
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CONCLUSIONS 


An aileron investigation on a partial -span model of the 
Republic XF-12 airplane indicated the following conclusions: 

1. The rate of change of aileron hinge -moment coefficient -with 
aileron deflection had a positive value through a snail, range of 
aileron and tab deflections at low sngl.es of attach with flaps 
neutral but as the angle of attack »ras increased or the flaps 

were deflected the rate of change decreased until at high angles 
of attack with flaps neutral or at moderate angles of attack with 
flaps deflected the rate of change bee are negative. This condition 
indicates the need for reducing the balancing effect to prevent 
illogical, control wheel forces at high speeds. 

2. At all flap deflections, the rate of change of aileron 
hinge -moment coefficient with angle of attack varied from positive 
values at low angl.es of attack to negative values at high angles 
of attack. 

3. At conditions simulating high-speed flight, wing roughness 
tended to further increase the positive value of the rate of change 
of aileron hinge -moment coefficient with aileron deflection but 
reduced the rate of change of rolling -moment coefficient with 
aileron deflection. 
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4. Increasing tho balance -seal leakage decreased the rate of 
change of "both aileron hinge -moment coefficient and rolling -moment 
coefficient with aileron deflection hut had a negligible effect on 
the rate of change of aileron hinge -moment coefficient with tab 
deflection. 
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TALIJS I 

GEOMETRIC CONSTANTS OF EEPTIELIC 


XF-12 A3KPLANE AND MODEL 



Full scale 
( 6 ° dihedral) 

! 

l/4 scale 
( 6 ° dihedral) 

i 

Partial-span model 
( 0 ° dihedral) 

S, ft 

1640. 

102.5 

46.177 

"b, ft 

129.167 

32.292 

15.006 

c», ft 

13 A 33 

3.358 



23.il 

5.803 

5.841 

V ft 

20.67 

5.168 

5.550 

c a , ft 

1.844 

.461 

.458 


.865 

.216 

.211 

t, ft 



.170 

F 



.170 

F 1 



.098 

F 2 



.072 
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TABLE II 

SUMMARY OF AILERON CHARACTERISTICS OF 


--SCALE PARTIAL -SPAN MODEL OF XF-12 AIRPLANE 
All values measured over a small range of angles at 5=^=0 


Surface 

condition 

a 

s f 

E 

Cy 

a 6 a 

«P 

A 

O 

— , 

Cha &t 

°*S a 

(ap ) 6 

°a 

(a) 

Smooth 

0.8 

0 

o.c 

>27 

0.0016 

0.0045 

- 0.0026 

0.00160 

0.064 

Smooth 

4.7 




.0004 

. 00.11 

-.0030 

.00155 

.054 

Smooth 

9.0 




-.0034 

-.0027 

-.0029 

.00134 

.039 

Smooth 

13-6 


\ 

V 

-.0047 

-.0056 

-.0029 

.00127 

.038 

Smooth 

.8 


.072 

1 

.0009 

— 

-.00 27 

.00146 

.0 58 

Smooth 

9.0 




-.0042 


-.0027 

.00115 

.036 




V 

i/ 






Smooth 

.8 


1 

• JL- 

16 

.0006 

— 

— 

.00138 

.048 

Smooth 

9.0 




-.0048 

— 

— 

.00119 

.025 

Roughness 










strips at 



\ 

f 






0.20c 

.8 


.0 

27 

.0019 

— 

.0021 

.00130 

.048 

Roughness 










strips at 

9r0 




-.0033 

— 


.00132 

.037 

0.20c 


vl/ 








Smooth 

3.2 ■ 

20 



.0002 

.0017 

-.0031 

.00165 

.071 

Smooth 

8.4 




-.0034 

-.0031 

-.0030 

.00145 

.052 

Smooth 

14.3 




-.0052 

-.0055 

-.0026 

.00110 

.043 


\ 

-f 








Smooth 

-3.0 ; 

>5 



.0003 

.0021 

-.0031 

.00173 

.078 

Smooth 

2.3 




-.0016 

.0010 

-.0031 

.00165 

.071 

Smooth 

7.4 




-.0052 

-.0031 

-.0031 

.00162 

.059 

Smooth 

L 

12.1 

\ 

/ 

\l 

/ 

-.0070 

-.0046 

-.0032 

.00145 

L 

.052 


a 

Inboard chamber. 
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FIGURE LEGENDS 


Figure 1. - Three-view drawing of the Republic XF-12 airplane- 

Figure 2.- Plan and elevation of the --scale partial-span model 
of the XF-12 airplane wing. 

Figure 3* " Arrangement of the ^-scale XF-12 partial-span model and 
reflection plane in the Langley 19"foot pressure tunnel. 

Figure 4.- --scale partial-span model of the XF-12 airplane mounted 
•in the 19-foot pressure tunnel. 


(a) Front view* 

Figure 4.- Concluded. 

(b) rear view. 

Figure 5* - Plan view and typical cross section of aileron and tab} 
y=-scale partial-span model of the XF-12 airplane* 

Figure 6-- Variation of vent gap along span of aileron. 

Figure 7*" Typical section of double -slotted flaps on the i-scale 
partial- span model of the Republic XF-12 airplane. 

Figure 8.- Effect of holes in aileron balance nose on seal leakage 
factor. 

Figure 9*- Aileron and tab characteristics of jr-scale partial-span 
model of the XF-12 airplane. Smooth model} r 5p = 0°} E = 0.027* 

(a) a = 0.,8°. 

Figure 9«“ Continued. 

(b) a = 4.7°. 

Figure 9*- Continued. 

(c) a = 9*0°. 

Figure 9* - Concluded. 

(d) a = 13.6°. 
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FIGURE LEGENDS - Continued 


Figure 10.- Aileron and tab characteristics of r" sca l e partial-span 
model of the XF-12 airplane. Smooth model) 5f = 20°; E = 0.027* 

(a) a = 3.2°. 

Figure 10.- Continued. 


(b) a = 8.4°. 

Figure 10.- Concluded. 

(c) a = 14. 3°* 

Figure 11.- Aileron and tab characteristics of —-scale partial-span 
model of the XF-12 airplane. Smooth model) = 55°) E = 0.027. 

(a) a = -3.0°. 

Figure 11.- Continued. 

(b) a = 2. 3 0 . 

Figure 11.- Continued. 

(c) a = 7. 4°. 


Figure 11.- Concluded. 


(d) a «= 12.1°. 

Figure 12.- pressure coefficients across aileron balance on i- scale 

partial-span model of the XF-12 airplane. Smooth model; = 0°; 
E =•• 0.027. 

(a) 8 f = 0°. 

Figure 12.- Continued. 


(b) B f = 20°. 

Figure 12.- Concluded. 

(c) Sf = 55°* 
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FIGURE LEGENDS - Continued 

Figure 13 . - Variation of aileron hinge -moment coefficient with angle 
of attack on the i-scale partial-epan model of the XF-12 airplane. 

Smooth model) S a = 0°; 5-^ ** 0°) E = 0*027* 

Figure 14.- Aileron and tat characteristics of -i-scale partial-span 

model of the XF-12 airplane. Roughness strips at 0.20c) 8f = 0°) 
a = 0*80} E - 0*027* 

Figure 15*" Effects of roughness strips at 0*20c on aileron 

characteristics of -jj-scale partial-span model of the XF-12 airplane 

6 f = o°; s t = o°; e = 0.027. 

Figure 1 6*- Pressure coefficients across aileron "balance on ^-scale 

partial-span model of the XF-12 airplane. Roughness strips 
at 0.20c; _ 8f = 0°; 5 t = 0°J E = 0.027. 

Figure 17." Aileron and tab characteristics of i-scale partial-span 

4 

model of the XF-12 airplane. Smooth model ) 5^ = 0 °‘, E = 0.072* 

(a) a = 0.8°. 

Figure 17* - Concluded. 

(b) a <= 9*0°. 

Figure l8.- Effects of various amounts of leakage cn the ai.leron 

characteristics of --scale partial-span model of the XF-12 airplane 
Smooth model.; 5f = 0°} 5^ = 0°. 

(a) a - 0.8°. 

Figure l8, - Concluded. 

(h) a ™ 9.0°. 

Figure 19>- Effects of various amounts of leakage on the pressure 
coefficionts across the aileron balance of ^-scale partial-span 
model of the XF-12 airplane. Smooth model) 5p = 0°) 5-fc = 0°« 

(a) a = 0.8°. 
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FIGURE LEGENDS - Concluded 

Figure 19*“ Concluded. 

Ob) a = 9-0°. 

Figure 20.- Summary of effects of leakage on aileron characteristics 

of —-scale partial-span model of the XF-12 airplane. Smooth 
4 

model; a = 0.8; & p = o°> & f = 0°; & t = 0°. 

Figure 21.- Aerodynamic characteristics of i-scale partial-span 

4 

model of the XF-12 airplane. 8 & = 0°; 8-5 = 0°. 
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Airfoil section 
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Tip 


Incidence 
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R -440 -3 18-1 
P-440 -4/ 3- 6 

8 ° 

-a* 


Uniform hviot from outboard 
nacelle to tip only 
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Figure /.- Three -view drawing of the Republic XF-/2 airplane. 
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Figure 2- Plan and elevation of the -j- scale partial-span model of the XF-12 airplane wing 
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Figured. -Arrangement of the fa ~ scale XF-JX partial-span model and reflection 
plane in the Langley IS- foot pressure tunnel. 
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(a) Front view. CONf 1DBNTIAL ' 

Figure 4.- — scale partial-span model of the XF-12 airplane 

mounted in the 19-foot pressure tunnel. 

NATIONAL ADVISORY COMMIT TEC FOR AERONAUTICS 
LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LANGLEY FIELD. VA. 
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(b) Rear view. COMF1DSMTIAL 

Figure 4.- Concluded. - '' 
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For dimensions of vents see Figure 6. 
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Figure F. - P/an view and typical cross section 
of aileron and tab- j-sca/e partial -span 
mode, t of fbe XFdZ airplane. 
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Figure 7 -Typical section of double-slotted flaps on the 'A- scale partial- span 
mode! of the Republic XF-12 airplane. 
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Figure 8. - Effect of holes in aileron balance nose on 
seal leakage factor. 
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Figure 12.- Continued 
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Figure 19 Concluded 
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